The management of hip fracture patients by a specialist hip fracture surgeon using appropriate fixation could significantly reduce the rate of deep infection and associated morbidity, along with extended hospitalisation and associated costs.
Prospective data on 6905 consecutive hip fracture patients at a district general hospital were analysed to identify the risk factors for the development of deep infection post-operatively. The main outcome measure was infection beneath the fascia lata.
A total of 50 patients (0.7%) had deep infection. Operations by consultants or a specialist hip fracture surgeon had half the rate of deep infection compared with junior grades (p = 0.01). Increased duration of anaesthesia was significantly associated with deep infection (p = 0.01). The method of fracture fixation was also significant. Intracapsular fractures treated with a hemiarthroplasty had seven times the rate of deep infection compared with those treated by internal fixation (p = 0.001). Extracapsular fractures treated with an extramedullary device had a deep infection rate of 0.78% compared with 0% for those treated with intramedullary devices (p = 0.02).
The management of hip fracture patients by a specialist hip fracture surgeon using appropriate fixation could significantly reduce the rate of deep infection and associated morbidity, along with extended hospitalisation and associated costs.
Deep infection after hip fracture surgery is a serious complication for the patient and hospital. In the United Kingdom there are more than 86 000 hip fractures annually and these are expected to increase with the growing elderly population. 1 Previous studies have reported rates of deep infection between 1.2% and 2.5%. [2] [3] [4] For patients, wound infection is associated with a three to four times longer stay in hospital and up to four times less chance of surviving until discharge from hospital. [2] [3] [4] [5] It impairs future mobility, requires an increased need for walking aids 3 and those patients surviving to discharge are three times less likely to return to their pre-injury residence. 4 Their overall mortality appears to increase compared with those without deep infection. 3 For the hospital, the increased length of stay blocks beds and adds a three-to four-fold cost of care. 2, 4 Most of this increase (85%) is due to the prolonged stay and the remaining 15% to medical and surgical requirements. 2, 6 In the United Kingdom a hospital trust receives no additional money for re-admission within 30 days of discharge, and therefore patients with surgical site infections requiring readmission after hip fracture surgery will present an even greater financial burden.
Edwards et al 2 attempted to identify preoperative risk factors for deep infection, and found that the rate of infection was higher in patients with an intra-capsular rather than an extra-capsular fracture but this difference was not statistically significant. There was also a trend towards lower infection rates following operations performed by more senior surgeons, but again this was not significant. The authors were unable to identify easily remediable factors to reduce infection rates, although they state that their sample size may not have been large enough. 2 The aim of our study was to identify potentially remediable factors associated with deep sepsis following hip fracture surgery.
Patients and Methods
From our hip fracture database we identified, 7057 consecutive patients treated between October 1986 and May 2010. Those treated non-operatively (n = 121) or by total hip replacement (THR) (n = 31) were excluded, leaving 6905 patients for analysis.
After discharge from hospital, all surviving patients were initially followed up in a hip fracture clinic to check that the wound had healed without evidence of deep sepsis. Any patients with later complications were referred back to the hip fracture team. In addition, all surviving patients underwent a telephone assessment one year post-operatively to confirm that no complications related to the wound or implant had occurred.
All diagnoses of deep infection in this study met the current Surgical Site Infection definition for deep infection, 7 which states that infection occurs within one year of operation if an implant is present if: it involves deep soft tissues (eg., fascia and/or muscle); and at least one of the following occur: a) purulent drainage from the deep incision, b) fascial dehiscence or fascia is deliberately separated by the surgeon due to signs of inflammation, or c) a deep abscess is identified by direct examination or during reoperation. All our deep infections were beneath the fascia lata and generally found to involve the implant.
We analysed variables that were felt potentially to influence the development of deep infection. These included each patient's pre-operative age, gender, residential status, haemoglobin, American Society of Anesthesiologists (ASA) grade, and a mental test score. 10 The residential status was graded as independent (own home or wardencontrolled flat) or institutional (residential home, nursing home, hospital). Mobility was graded on a scale from 9 to 0, with 9 representing unimpaired mobility and 0 representing confined to bed. 9 The patient's mental state was graded using the abbreviated mental test scoring system of 10 (highest) to 0 (lowest). 10 The fracture and surgical variables were also analysed. The former were classified as intracapsular, extracapsular or subtrochanteric and those pathological fractures secondary to tumour were noted. Surgical variables were the duration of operation and anaesthesia, grade of operating surgeon (specialist hip surgeon, orthopaedic consultant, staff grade, registrar in training or senior house officer) and method of fracture treatment. Statistical analysis. This was performed using Graphpad software (Graphpad Software, LaJolla, California). An unpaired Student's t-test was used for continuous variables and a two-tailed Fisher's exact test for categorical variables. A p-value < 0.05 was considered to be statistically significant.
Results
A total of 50 of the 6905 patients (0.7%) developed a deep infection.
None of the pre-operative patient parameters had a statistically significant effect on the rate of deep sepsis (Table I ). The ASA grade and fracture type were not significant factors, although the ASA approached significance (p = 0.06, Table I ). The mean duration of the anaesthesia (induction to extubation) was significantly longer in the sepsis group compared with the non-septic group (76 minutes (SD 25.6, 30 to 380) versus 65 minutes (SD 29.2, 45 to 150); p = 0.01, Student's t-test). However, the duration of the operation (incision until end of skin closure) was not significant (p = 0.
39, Student's t-test).
The grade of the operating surgeon was found to be a significant factor (Table II) . The specialist hip surgeon (MP) and orthopaedic consultants combined had a lower infection rate than surgeons below consultant grade (0.55% versus 1.15%; p = 0.012, Fisher's exact test).
The method of fracture fixation was a significant factor (Table I ). The rate of infection for intracapsular fractures treated by hemiarthroplasty was significantly greater than for those treated with internal fixation (1.26% versus 0.18%; p = 0.001, Fisher's exact test). Similarly, the rate of infection in extracapsular fractures fixed with an extramedullary device was significantly greater than those fixed with an intramedullary device (0.78% versus 0%; p = 0.02, Fisher's exact test).
Discussion
Our overall rate of deep infection (0.7%) was low compared with earlier studies. [2] [3] [4] 11, 12 Our main findings were that three potentially remediable factors were significantly associated with the development of deep infection, namely the experience of the operating surgeon, duration of anaesthetic and method of fracture fixation.
The hip fracture specialist surgeon (MJP) had half the rate of deep infection compared with junior surgeons (staff grade surgeons, registrars or senior house officers). Consultants had a lower rate of infection compared with junior surgeons but this did not reach statistical significance due to low numbers operated on by consultants (Table II) . In our hospital, operations for hip fractures are undertaken on either the dedicated trauma or daily emergency list. These lists have an assigned anaesthetist who changes daily and the grade of the operating surgeon does not influence the grade of anaesthetist. Therefore the influence of the grade of the operating surgeon on the rate of deep infection is not confounded by the experience of the anaesthetist.
Edwards et al 2 found that operations performed by more experienced surgeons had a lower risk of deep infection but this was not significant and, according to their data, none of the operations was performed by a consultant or surgeon of similar experience as provided for our patients. In our series, either a specialist hip fracture surgeon or a consultant performed approximately 70% of cases (90% of these were performed by the specialist hip surgeon). We acknowledge this is not the case in the majority of British hospitals but our demonstration of the effect of surgical experience on the development of deep infection means that others should consider this aspect.
A longer anaesthetic time from induction to extubation increases the rate of deep infection but the length of the operation did not. Previous studies have also failed to demonstrate that operative time influences the development of deep infection, except in exceptionally long cases. 2 Two factors that potentially influence the duration of anaesthesia and the patient's outcome are sicker and frailer patients who present greater anaesthetic difficulty and the grade of the anaesthetist, with junior, less experienced anaesthetists taking longer. We have no data on the grade of the anaesthetist involved with each case and are therefore unable to draw conclusions. However, we believe our findings highlight the importance of having experienced anaesthetists for these patients who are often frail with multiple comorbidities. 13 The method of fracture fixation should not be based solely on the subsequent risk of deep infection but on the particular nature of the fracture, the patient's health and activity levels and the surgeon's experience. In accepting this, we have shown that for intra-and extracapsular fractures the method of fixation has a significant effect on the development of deep infection.
In comparing intramedullary with extramedullary devices for extracapsular fracture a meta-analysis of fewer patients than in this series did not demonstrate any significant difference with respect to rates of deep infection.
14 Possible reasons for the difference in infection rates in this study are that a) intramedullary devices inserted through small incisions might be considered less invasive, causing less disruption to deep tissues, and b) intramedullary devices are further from the skin incision and less likely to become involved in a superficial wound infection.
A meta-analysis of 2600 patients in 14 studies comparing internal fixation with replacement arthroplasty for intracapsular fractures found a reduced risk of infection in those internally fixed (relative risk 0.43). 15 Our study had nearly 4000 patients with intracapsular fractures and found that the rate of deep infection in the arthroplasty group was seven times more than those treated with internal fixation. We acknowledge that deep infection is not the only difference in terms of complications between these two treatment options. Re-operation rates tend to be much higher following internal fixation, usually due to failure of fixation, and this is an important consideration when deciding the optimum treatment for an individual. 15 None of the patient-determined variables that could be used for risk stratification were shown to have a significant effect on the rate of deep infection, although the ASA grade approached statistical significance, with a trend for higher grades having higher rates of infection.
A major strength of this study is that it used what is to our knowledge the largest and most comprehensive singlecentre database of hip fractures. With over 7000 cases it is twice the size of the database in the other major study that looked at risk factors for deep infection. 2 Also, the prospective nature of our database eliminates selection and recall bias, which are potential weaknesses of earlier studies. [2] [3] [4] In conclusion, we found the experience of the operating surgeon, duration of anaesthesia and method of fixation to be significantly associated with the development of deep infection after hip fracture surgery. We suggest that hip fractures should be managed by an experienced team, which should ideally include a dedicated specialist hip fracture surgeon.
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